+ strain) improved the tolerance to solvents [6] , implying that AcrR is more involved in the regulation network than was previously identified. Here, we investigated the genome-wide targets for AcrR by using microarrays and found that it regulates the transcription of most genes encoding flagella/motility. The phenotypic changes of the ΔacrR strain were studied using motility assays.
Genome-wide transcription changes in the absence of AcrR were investigated by performing DNA microarray of E. coli strains BW25113 (wild-type) and JW0453 (ΔacrR). Total mRNA was isolated from E. coli cells at OD 6 0 0 = 0.8 using the RNAProtect Bacterial Reagent/RNeasy minikit/ RNase-free DNase (Qiagen, Germany), and transcribed to cDNA with SuperScript II reverse transcriptase (Invitrogen, USA). The cDNA was fragmented (using DNase I; Pierce), labeled by biotin (GeneChip IVT labeling kit; Affymetrix, USA), hybridized to a microarray chip (GeneChip E. coli Genome 2.0 Array; Affymetrix, USA), washed, and stained (GeneChip hybridization, wash and stain kit; Affymetrix, USA). The array was analyzed using the GeneChip Scanner 3000 7G (Affymerix, USA). Data were analyzed using Robust Multi-array Average, and the trimmed mean target intensity of each array was arbitrarily set to 100. Tests were duplicated independently.
Gene expression of the ΔacrR strain was compared with that of the wild type. Differences of over 2.0-fold were considered statistically significant (Fig. S1-S4 , Table S1-S3) , and the microarray data were deposited in the Gene Expression Omnibus repository with the accession number GSE84847.
The genes with increased transcription of over 2.5-fold were summarized to prevent a false-positive value, and the corresponding genes were considered to be regulated by AcrR. In the ΔacrR strain, 184 genes showed increased expression, and these were categorized into seven functional groups: carbon utilization (43), chaperone (12) , flagella/ motility (44), genetic information (9), regulation (14) , transport (23), and others (23). The transcription of most flagella/motility genes (44/50 genes) was significantly increased in the ΔacrR strain ( Table 1 ), indicating that AcrR affects the bacterium's motility. The fold change of flagella/ motility genes in each microarray is shown in Table S4 . The flagellar regulons are divided into three classes (I, II, and III) by hierarchical transcription [9, 10] . The expression of the master regulators FlhD and FlhC (class I) [1] were increased by 2.3-and 2.6-fold in the ΔacrR strain, respectively, which directly induced the expression of the class II genes flgA, flgBCDEFGHIJ, flhBAE, fliAZY, fliE, fliFGHIJK, and fliLMNOPQR (Table 1) . Class II genes encode structural components of flagella and two important regulation factors, FilA and FilZ. FilZ, an anti-σ s factor that inhibits curli fimbriae-mediated adhesion and biofilm formation [14] , was increased 6.7-fold in the ΔacrR strain. FilA, a specific sigma factor σ 2 8 , is required for the transcription of class III genes [9, 10] . Genes for chemotaxis, tar-tapcheRBYZ and motAB-cheAW, and flagellin, fliC, are under the control of FliA (class IIIa), and genes flgMN, flgKL, and fliDST are under the control of both FlhD/FlhC and FliA (class IIIb) [9, 10] . FilA was induced 7.4-fold in the ΔacrR strain. The expression of class III genes in the ΔacrR strain was increased ( Table 1 ), indicating that AcrR participates in flagella formation/motility by modulating FlhD/FlhC or FliA. In addition, Ruiz and Levy [17] reported that 29 genes for flagella/motility were highly induced in the ΔacrB strain, which belong to classes II and IIIa. The deletion of acrB inactivated the AcrAB-TolC pump and caused the accumulation of toxic cellular compounds [17] , which serves as an effector for AcrR. It supports our finding that the flagellar motility is regulated by AcrR.
The gene region of flhDC has potential AcrR-binding sites, of which -36~-27 (from transcription start) is the possible site to repress transcription (Fig. 1) . The 5'-gtTGTATGTg-3' sequence at -36~-27 shows 70% similarity to the second half of the AcrR-binding motif (5'-TACATACATT-tatg-AATGTATGTA-3') [16] , on which AcrR could bind loosely and allow for quick escape in response to toxic compounds. Local repressors such as EmrR or AcrS for multidrug resistance can also regulate distally located genes [4, 12] . The promoter region for the fliAZ gene has no possible binding motif for AcrR (data not shown). Therefore, the flagella/motility regulation by AcrR could be mediated by FlhDC. Further research should focus on the direct binding of AcrR to the flhDC promoter. The effect of AcrR on the motility of the E. coli strains BW25113 (wild-type), BW25113 containing pNTR-SD::acrR (acrR + ), JW0453 (ΔacrR), and JW1908 (ΔfliC) was tested using swimming and swarming assays [5] . For the swimming assay, one colony was inoculated deeply into a fresh LB agar plate (0.3% agar and 200 μM IPTG) and incubated at 33°C for 12 h. For the swarming assay, one colony was inoculated onto the surface of a 30-min-dried LB agar plate (0.6% agar, 0.5% glucose (w/v), 200 μM IPTG) and incubated at 37°C for 38 h. The ΔfliC mutant was used as the negative control for both assays [5] , because fliC encodes flagellin, the primary structural subunit of flagellum [7] . Swimming was greatly increased in the ΔacrR strain compared with that in the wild-type and acrR + strains ( Fig. 2A) , whereas swarming was similar among the three strains (Fig. 2B) . Table S1 .
a Classification of flagella genes according to Liu and Matsumura [9] . The asterisk (*) indicates the genes related to transcriptional regulation. Therefore, AcrR negatively regulates swimming but not swarming. The same phenomena were also observed in the ΔacrB strain [17] . However, it is unclear why only swimming motility is influenced by AcrR. Two recent studies about genome-wide motility showed that most flagella genes affect both types of motility (Table S5 ) [2, 5] . Certain genes-flgL, flgN, fliD, fliS, tsr, and cheB-are required for only swimming [2] ; fliR is required only for swarming [5] ( Table S5 ). However, it does not provide information on the the differentiated mediation of AcrR to regulate swimming motility. In addition, the increase in flagella formation in the ΔacrR strain compared with that in the wild-type and acrR + strains was observed by using energy-filtered transmission electron microscopy (Fig. S5) . Although the reason why swimming motility, but not swarming, increased with the flagella formation is not yet known, the regulation of flagella formation by AcrR is confirmed.
In conclusion, the deletion of acrR in E. coli induced transcription of most flagella/motility genes and increased flagella formation. This implies that the toxic-compoundsresponse regulator AcrR participates in the regulation of motility to escape toxic compounds, which should be mediated by the master regulator of flagella/motility genes, presumably FlhDC. AcrR modulates swimming motility, but not swarming motility.
